Abstract -The present study was designed to assess the temporal pattern of ethanol intake over a 24 h period in selectively bred, Sardinian alcohol-preferring (sP) rats Ethanol intake occurred under the twobottle, free choice regimen. sP rats consumed ethanol in three distinct peaks, rather regularly distributed over the 12 h dark phase of the light-dark cycle and positively correlated with food intake episodes. The temporal distribution of ethanol intake and estimated blood alcohol levels are consistent with the hypothesis that sP rats voluntarily drink ethanol for its pharmacological effects
INTRODUCTION
Selective breeding of ethanol-preferring laboratory animals has been shown to constitute a valid and widely accepted model of experimental alcoholism (see Crabbe et al, 1994; Li et al, 1994) . Over the last three decades, the use of these animal lines has substantially contributed to advancing our understanding of the neurobiology of alcoholism as well as to designing promising therapeutic strategies.
Following the pioneering work by Eriksson (1968) and that by Li and co-workers (Lumeng et al, 1977) with genetically selected ethanolpreferring AA and P rats, respectively, Sardinian alcohol-preferring (sP) rats have been selectively outbred in our laboratories, from a base population of Wistar rats, for their high ethanol preference and consumption (Fadda et al, 1989) . Behavioural and biochemical evidence indicates that oral ethanol intake in sP rats produces pharmacological effects (Fadda et al, 1989; Colombo et al, 1995; Murru et al, 1995) . Under the two-bottle, free choice paradigm, sP rats display a clear preference for ethanol over water and drink more than 4 g/kg ethanol from the first day of exposure, possibly as the result of an immediate disclosure and acquisition of ethanol reinforcing properties (Colombo et 'Author to whom correspondence should be addressed.
al, 1995). Furthermore, ethanol preference and intake in sP rats remain persistently high over long periods of time.
The present study was designed to characterize further the drinking pattern of sP rats, by assessing the temporal distribution of ethanol, water and food intake within a 24 h period.
MATERIALS AND METHODS

Animals and procedure
Male sP rats (n = 10) from the 27th generation were used. On the test day (see below), rat body weight was 509.5 ± 5.3 (mean ± SEM). The animals were maintained on a 12 h artificial light-dark cycle (lights on at 19:00 and dim red lights during the 12 h dark period), at a constant temperature of 22 ± 2°C and relative humidity of 60%. Rats were individually housed in standard plastic cages [43 (1) x 27 (w) x 18 (h) cm] with stainless steel covers and wood chip bedding. Rats were given free access to standard rat chow (MIL Morini, San Polo d'Enza, RE, Italy), 10% (v/v) ethanol solution and tap water for 16 consecutive weeks from the age of 75 days. Ethanol solution and water were offered in plastic 100 ml bottles with stainless steel caps, which allowed fluid intake by licking; the cap spout ended with a 0.8 mm (diameter) hole that minimized spilling. Bottles were refilled every day with fresh fluids and their positions interchanged to prevent development of position preference (Gillespie and Lucas, 1958) . The rats used in the present study fulfilled the selection criteria adopted in our laboratory for sP rats . Briefly: (a) ethanol intake was constantly >4 g ethanol/kg body weight/day; (b) the daily ratio between consumption of ethanol solution and water was higher than 2:1.
The last day of the 16-week drinking period was designated as test day. On the test day, ethanol, water and food consumptions were monitored hourly for 24 consecutive hours. In order to minimize discomfort on the test day, rats were previously habituated to frequent removal of the bottles and food pellets as well as to being handled.
Estimation of blood alcohol levels
During the 12 h dark phase of the test day, a 20 u,l blood sample was taken from the tip of the tail of each rat for determination of blood alcohol levels (B ALs). Drawing time was randomly establ ished for each rat. Blood samples were diluted 10-fold in distilled water containing 0.25 mg/ml propanol as internal standard. Samples were stored at 4°C, centrifuged at 3500 rpm for 5 min and directly injected (1 u.1 injection volume) into a gas chromatograph (Model F30, Perkin-Elmer, Beaconsfield, UK) equipped with flame ionization detector and glasscolumn(l mlongand 1/4 in. internal diameter, packed with 5% Carbowax 20M on 80-100 Mesh Chromosorb W). Temperatures of injector, column and detector were 150, 75 and 100°C, respectively. Nitrogen was used as the carrier gas (50 ml/min flow rate).
Data analyses
Statistical evaluation of ethanol, water and food intakes on the 12 h dark phase of the test day was performed using an ANOVA for repeated measures. Linear regression was used to determine the degree of correlation between ethanol intake and food intake.
RESULTS
On the test day, sP rats consumed 5.44 ± 0.22 g/kg of ethanol and 10.53 ± 0.77 ml/kg of water (mean ± SEM, n = 10). The mean preference ratio (defined as percentage of volume of ethanol solution consumed over total fluid intake) was 83.7%. The mean hourly intakes of ethanol and water in the sP rats on the test day are shown in Fig. 1 (top and centre panels, respectively). More than 80% of both ethanol and water intakes occurred during the dark phase of the light-dark cycle [4.48 ±0.18 g/kg and 8.6 ± 0.78 ml/kg (mean ± SEM, n = 10), respectively]. One-way ANOVA for repeated measures revealed that during the nocturnal phase, both ethanol and water intakes varied significantly [f(9,110) = 3.89, P< 0.001, for ethanol intake; F(9,l 10) = 5.80, P < 0.001, for water intake]. Ethanol intake occurred in three distinct peaks, evenly distributed over the 12 h dark phase. As shown in Fig. 1 (top panel) , the first binge took place shortly after lights were switched off, the second binge approximately in the middle of the dark phase and the third in the hours preceding switching the lights on. In correspondence with these drinking bouts, ethanol intake peaked up to 1.5 g/kg. Single bouts of ethanol drinking also occurred during the 12 h light phase in 9 out of 10 rats. Ethanol intake in the highest drinking episode of each rat during the light phase averaged 0.28 ± 0.05 g/kg (mean ± SEM, n -10). Water intake paralleled the drinking pattern of ethanol; however peaks were less pronounced (Fig. 1, centre  panel) .
Virtually total food intake occurred during the 12 h dark phase (Fig. 1, bottom panel) . Moreover, food intake varied significantly over the dark phase [F(9,l 10) = 5.02, P < 0.001] and resulted in a three-peak distribution. Food intake closely paralleled ethanol intake (r = 0.8196, P < 0.005).
Finally, voluntary ethanol intake in sP rats gave rise to BALs ranging from 14 to 110mg% [36.6 ± 9.1 (mean ± SEM), n = 10] (Fig. 2) .
DISCUSSION
On the test day, sP rats drank >5 g/kg ethanol and displayed a preference ratio between ethanol solution and water >80%. These results are consistent with the notion that sP rats exhibit high levels of ethanol preference and consumption under the two-bottle, free choice regimen (Fadda et al, 1989; Colombo et al, 1995) .
In agreement with the well-characterized drinking pattern of rats (Young and Richey, 1952) , most of the ethanol and water intakes occurred in sP rats during the 12 h dark phase of the light-dark cycle. separate peaks, rather regularly distributed over the nocturnal phase. The trimodal pattern of ethanol intake observed in sP rats is in close agreement with previous reports on the temporal distribution of ethanol intake in selectively bred, ethanol-preferring P (Waller et ai, 1982; Murphy et ai, 1986) and AA (Aalto, 1986 ) rats, as well as C57BL/6J mice (Millard and Dole, 1983 ). More- over, similarly to that described for P (Waller et ai, 1982; Murphy et ai, 1986) and AA (Aalto, 1986) rats, during the 12 h light phase of the cycle, a discrete bout of ethanol drinking was also monitored in almost all the sP rats used in the present study. The temporal course of food intake also reflected the rat's day/night cycle of activity. Indeed, food intake in sP rats was confined to the dark phase of the cycle and was distributed in distinct bouts. The occurrence of a close temporal correlation between episodes of ethanol drinking and food intake indicates the presence of a prandial pattern of ethanol consumption.
The distribution of ethanol consumption in distinct binges is also consistent with the hypothesis that ethanol drinking in sP rats is sustained by the pharmacological effects of ethanol. Self-controlled adjustment of both ethanol dose and administration time can be explained as the seeking, by the sP rat, of specific BALs and, subsequently, of certain effects. Once those BALs are achieved and the corresponding effects are perceived, ethanol drinking temporarily ceases. Consistently with this hypothesis, BALs measured in the present study were well within the range reported to produce anxiolytic (Vogel et al, 1980) , locomotor-stimulating (Gill et al, 1986) and discriminate (York, 1978) effects in rats. Moreover, BALs elicited by voluntary ethanol intake in sP rats are similar to those assessed, under identical drinking regimen, in P (Murphy et al, 1986) and AA (Aalto, 1986) rats.
In addition, previous studies have demonstrated that voluntary ethanol intake in sP rats resulted in significant pharmacological effects. Indeed, freechoice consumption of ethanol in sP rats has been reported to: (a) increase brain dopamine turnover (Fadda et al, 1989) ; (b) alter the expression of dopamine Dj receptor in discrete brain areas (Murru et al, 1995) ; (c) ameliorate the innate degree of anxiety observed in this rat line . Thus, stimulation of dopamine neurotransmission and anxiolysis are pharmacological effects produced by voluntarily consumed ethanol and may constitute relevant components of ethanol-reinforcing properties in sP rats, promoting and maintaining voluntary consumption of substantial amounts of ethanol.
In conclusion, the results of the present study further indicate that sP rats may constitute an adequate animal model for investigating the neurobiological basis of ethanol reinforcement and the mechanisms that regulate voluntary ethanol consumption.
